Phytosphingosine, one of the major sphingosine derivatives was found in microorganisms, yeast, plants, and fungi as a major membrane component, and also found in many mammalian tissues 1 and interestingly in some cancer celltypes. 2 The roles of sphingosine derivatives in human cells have been enigmatic but they are recently proved to be essential in cell communications and regulation of cell growth.
Phytosphingosine, one of the major sphingosine derivatives was found in microorganisms, yeast, plants, and fungi as a major membrane component, and also found in many mammalian tissues 1 and interestingly in some cancer celltypes. 2 The roles of sphingosine derivatives in human cells have been enigmatic but they are recently proved to be essential in cell communications and regulation of cell growth.
3 Since the sphingosine derivatives are very interesting both biologically and synthetically, many attempts have been tried to synthesize sphingosine derivatives, 4 however, examples of modifications of sphingosine derivatives are very rare. 5, 6 In phytosphingosine (1), there exist two major parts, long linear hydrocarbon chain and very hydrophilic terminal with an amine and three hydroxyl groups. In order to modify the structure of phytosphingosine, proper protections for the amino and hydroxyl groups are essential. In this paper, we describe a novel protection of phytosphingosine and some example syntheses of new phytosphingosine derivatives.
Since phytosphingosine (1) itself has very low solubility in various organic solvents and water, first protection of amino group by di-t-butyl dicarbonate was only successfully performed in t-butyl alcohol. The resulting N-Boc-phytosphingosine (2) was easily separated as white precipitates in 94% yield by the evaporation of solvent and only washing with nhexane several times. N-Boc-phytosphingosine (2) was reacted with phenyl chloroformate and pyridine at 0 o C in THF to afford phenyl carbonate 3 in good yield. To the reaction mixture was added 1.2 equiv of DBU at 25 o C, the carbonate at 1-position was migrated to 3-position, and then the 3,4-cyclic carbonate 4 was formed as a white solid in total 67% yield after purification by silica gel column chromatography (methylene chloride/methanol, 40/1) as shown in Scheme 1. Though excess phenyl chloroformate was used in pyridine, only 3 was obtained without any formation of byproducts. Phenyl carbonate 3 was stable in pyridine and it could not be converted to cyclic carbonate 4 without DBU at 25 o C. We examined other bases to obtain 1,3-cyclic carbonate from 3, but only 4 was obtained without any trace of 1,3-cyclic carbonate. Hydrolysis of 4 with potassium carbonate in 95% methanol quantitatively afforded N-Boc-phytosphingosine (2) and from these results the stereochemistry of 4 was confirmed. The spectroscopic data of all compounds were summarized in the references. 7 The compound is properly protected phytosphingosine derivative, which can be used as a starting material for the derivatizations of phytosphingosine at 1-position.
To explore the substitutions at 1-position of phytosphingosine, first we tried to prepare phytosphingosine-1-phosphate (7) as shown in Scheme 2. The cyclic carbonate 4 was reacted with trimethyl phosphite and carbon tetrabromide at 0 o C in pyridine to afford the phosphate 5 in 60% yield, and the removal of carbonate group of 5 were easily performed by potassium carbonate in 95% methanol at 40 o C within 1 h to give 6 as a pale yellow oil in 94% yield. N-Boc group and methyl ester of 6 were removed simultaneously by 5 equiv of bromotrimethylsilane 5b followed by addition of small water to afford 7 as a white precipitate in 40% yield. The spectral data of 7 showed good coincidence with those in the references.
6
Next we mesylated the cyclic carbonate 4, and the resulting 8 was reacted with nucleophiles such as sodium azide and cesium thioacetate (Scheme 3). 8 was reacted with 1.2 equiv of cesium thioacetate in DMF at 25 o C for 2 days, and addition of small amount of water to the reaction mixture gave thiol 9 as white precipitates in 94% yield, which could be identified by upfield shift of C-1 protons (3.01 and 3.29 ppm) compared with 4 (3.73 and 3.91 ppm) in 1 H NMR. Similarly, 8 was reacted with 1.2 equiv of sodium azide in DMF with heating for 3 h, and addition of small amount of water to the reaction mixture gave azide 10 as pale yellow precipitates in 66% yield, which also could be identified by upfield shift of C-1 protons (3.42 and 3.50 ppm) compared with 4 (3.73 and 3.91 ppm) in 1 H NMR. Interestingly, when electron-withdrawing groups such as esters, carbonates, and sulfonates were substituted at C-1, C-2, C-3, or C-4 in phytosphingosine, protons at those positions appeared over 4 ppm, while unsubstituted hydroxyl groups and amine in phytosphingosine appeared below 4 ppm in 1 H NMR spectrum. In summary, phytosphingosine was protected by the formation of cyclic carbonate in two steps, which could be useful for the derivatizations of 1-position of phytosphingosine. Phytosphingosine-1-phosphate and other derivatives of phytosphingosine were synthesized from the phytosphingosine derivatives protected with cyclic carbonates.
